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FUIEL. CONSERVATIION AND CONSTRUCT IO;'N EQ1UIPME~I.NTI

1. I NTRUTh lIO N

1. Army Energy 11i-togran Coails. Ini res1 .one too I liv 1973 oil embI alrgi' It% i, Ibe ()VE

tains he U].S. Ari'eergy coniservationi pirogra dan plilA ere re~ ilalizeil. Th'e OIlire Ilf Iiw

Deputy Chief of Staff for Logistics. Armiy Energy O ffice, lit-adquarters. I epartiment ol the Ar-

n* compiled a conmprehensive long-range Arniv Erierov~ PlIan. Gen~leraily. the plan ideni ifie!-
the Arnyvs organization, goals, objectives, policies. anid prograins with respect ito eliergi. The

D)A energy goals and] objectives are:

* ~a. Reduce energy confsump~tionl by 35 percenit by)[lte year 20(X (base year-F) 751.

1 Reduce energy consumpIFtionl in mobpi lity operationls by 1 percent iii FY85 %%ith

zero growth to the year 20() with no dlegradiation t0 reainess.

- (2) Reduice energyv consumption in faci lit ies opierat ions lby 20 percent 11%. FY85 and4 40) percent lby the year 2(X).

-. ~~~~(3) Exan enerp'v coiiervatimi ultii/i~inaii and invliitie p)r4gralnis for

all Army militarY and rivilian personnel mid thevir EdeJendenis.

1). Reduce depiendence on nonrenewable mid scarce fuels by tile year 2000.

(1) D evelopi capal ity t4o use syni ietic/altermiate hiels for milIity'.

(2) Increase efficiency of mloblity systems by 1.5 percent.

(3) Deeo aaiivfor facilities to uise snhtcgas in place of natural gas.

(4) Reduce consiunption of heat inmg oil by 75 1)ervent.

III iail.e d~evelopmilentI effort is rei~pirel Ito reach lie Ar,,i% s goak Research andi i e~ ehimeii
* ~ ~ R& D)) pirogrami planning was required. Ihe hirmist of the Arniy's Energy RCK 1) plan is directed

~~ *~~. ~~it the application and dIeveliipiiieiit of Ile SI~eific tec.hloglIIies to:

* a. Uilize dlomestically lroldllled sythletic hiils mid~ alternate conmentiona I

'p 41fuels in miilitary mobile systems.
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b. Develop a fanrily of nilitary engines (apable of burning a broad range of
Ioth synthetic and conventional fuels.

c. Reduce overall energy use through efficiency improvenents without coin-
promising flexibility, readiness, or perforniance.

d. Achieve an adequate degree of energy self-sufficiency for mililary installa-
lions throingh re itIed dre inieipce ri| lelrolen fluels.

".% ." ~~e. El'll'1ap.' 1114 elllIl'''; Zl oll f ,I4olnlcs ic' .m IIhcli," hils il iloIr%

-*s capalde ip I lorr iciiig inoblilil% hiels f.r inilihlar% ise.

3. Progress Toward Achieving Program Goals. The Army has niade considerable
pr*Iwogress Iiard reaching established goals. Energy conservation data compiled in 1981 shows
energy usage down 13.5 percent from FY75. Should this trend continue, future projections
forecast an 18.4-percent reduction in energy usage by 1985. However, some analysts predict
that the US petroleum supply will he nearly depleted before the year 2000. In addition, the
cost of petroleum between 1973 and 1974 increased by nearly 300 percent, and the cost con-
I inies ,iliwarl. ()lovioiisl fron a suipply and cost poilt of view, our dependence on foreign

p"iMlroleninl %till coininue to have a nlaj(or iupact on the Arily's ability to perfornl its nrission.

4. U.S. Army Belvoir Research and Development Center's Role. The Belvoir
Research and Developnent Center plays a significant role in the areas of petroleum fuels.
renewale fuels. syntlheti. fuels, and rediuction in niolbile construction equiinent energy con-

suniption. rhe Engineer Support laboratory and Construction Eqlipnent Engineering )ivi-
sion are working toward neeting the Armiy energy goals in the area of construction e(Iniplnent
energy conservation goals as follows: Reduce energy eonsunption by 45 )ercent by the year

2000, reduce energy consunption in mobility operations by 10 percent by FY85 with zero

S.growth to the year 2000 with no degradation in readiness, and attain a position of leadership
in pursuit of National Energy (;oals.

.d d

,Apprarently. the thrust of tlhe energy projects assigned to the Special Projects Branch is

to notivate original equipnent nianufacturers (OEM) to iniprove the niechanical and ther

modynamic efficiency of construction equipment.

!1. PURPOSE AND SCOPE

5. Purpose. The prinrary purpose of the repor is to reconinend an approach for deter-
Iilig the efficieney of construct ion o-4jniilinent. IDuiring tie coirse of this work, it becanie

% %.clear ihal inire tIhanl cosihderalio of c sirileictn eqflidplintl efficiency is reqiliredl if we 'x-
%1 el Io reach the ,rliv% 1985 energy Cilnsili mlioll goals.

6. J4'op,. 'lThe s,'olmc of Ih4 wtirk was expaihdled lo inlulJde a review.' of all the literatire

iade asaiaih ' tIIriingh the cvltcr's lil'ra r resevarci services.
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I1l. BACIKGRtOUNI)

.. 7. Non-Ikvel)n1en!~ Iten~i4 (N I)I). lichl,,ir lHc'-,eirli.ih i In l)e~, 1 bhuineII t4,'nlr' i-urnil

pirioeuireilcil .lrae'gv as il relalhs. It) ijiuisrulilnlil eullilpuuine is ho Ipro'ilri NI)I.

NII p rocedures are is ollims: NI) will iniilerg, IcsI air :auluahuaii ar ,,,-,I," ,ip'r:,-
lional tesl/ci allatioln for aircted Iproauuna-mcine ita-illS and ihll li I. ie lirocni- iii small 4llaill-

tities, prior to type classific'ation. Test dahn a aiIalIe froin comennnrcial ,.onll'achirs. (;mern-
ineit airlicieS, or other soirces will be used Io silisJ' test reiiireinents tio Ihe lila.ixililili ithili

possible to eliminate unnecessary testing by the test activity. NI)I are:

a. Items commercially available.

1. Items developed and accepted by other military services.

c. Items of other governmental agencies or countries.

Procurement of NDI to meet the new requirements %%ill be made only to satisfy DA
approved materiel requirement documents. Normally NDi materiel acquisition prograns have
certain characteristics:

0 (;reatly redieed acluisition Ialilines.

0 (Comliiinedl aeiiiisilion phases. dlecisions aii nilshoiies.

* Limited control of materiel design and configuration.

8. Significant Events. Much of the construction equipment that will be in the Arniy's
inventory in FY85 was recently bought or is now under contract. Efficiency was not made a
specific requirement so far as the technical data package was concerned.

9. Other Considerations. The efficiency of the equipment now or soon to be in the ill-
ventory is not known. Also, the efficiency of the replaced equipment is unknown. )ur search
through the available literature did not yicll inf,,rmalion that could Ib used Il dtermine the
efficiency of constrliction equiellnt; past or present. The impact of the background informa-
tion on our energy program efforts will lie ,liscussed in Section IV of this report.
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10. IDiscssion. Thea f~ieldl of' enirg eosiertalnisi ni. tresiieslial. aini iasniliali% eanntiv.-

- - inig. i'Aert lining fit) dtar doltin fili nssnaiaat eiia'rg aaniijititi i ie t for anthier. lonit what

thlat IiIIJE' t will iev is 10$f Iui,' niiiterltiait. We almO famii iit l hat d i ii sage nk itu etiii.i-tt'l.

i fferent dliilair% "ill IDE' flint' '451'in ioril. such'l as t'ltit'it'n(-to dE escriibe a liiiilltidii'i'tttl (diii.

ce'tlt smiell ats tmst'i vtiinnusnqilmtii. liii, report airganmszt's [lii' conlepijt of' toi'e euisnsiiliptitii as it

a n'rlattes Iti eonstrmnetion s% -lears hitii flist' tillo inog gt'neral are'as ad intertest: s stei tisigui.

%siN1l eon -u'It' 'Ihin. sle oIavBna1 eratisig 1 iraietlnnris. NSvsla'ni nnaiintennanee anal tijparatir trainiing. Iii
flita- ral % arlal. I ilasl araanrae snil ll sn1ail% - ii'. lgtliar tiit' isilarrt'lata' midal aiiiltrl

Iat ' 1*1 ai1nilsi Iligitituli. lit'i'iia' is a coetif'1 well t'tined lIii erigiiners. andnt flit' t'tuun't'u is
a'a'14 a'Iala1114-I Ial N sAslsi airsigin. AI ofit4Iix\ A istIs m Pit' ga'ie ralI( tl'iiaiait % br IIa if%,ft Ili t
411a'n'ina' . Fian anPaill a ntI- r% i' lalisnil11it i is. v.I' am a't )1iiaIlilaIe i illt nul)a1'enni % oal[ilii ti etli'jt'sna

;Is a ranla i aInnna'I4.11 pinll aiier %aiiia sinill. (P)in Ii ii na' a ofianllsisl a1it1 of' ranlii Em11.i 11

pearin' ,illnIila'. aill ii ll iE'11 1-ans it i I InI dea. Iuil. mii -1 f- tn -s I II.I e ti . B i 1-I5'tIif 4',E'5 -11 ra 1nnir'.s

arae l ata'iiinn i 4 alati I anu li l fiIia -it I it nil kiiiila-alga ' lann innanini alilla'rt ill ali-ailifiunas. Thea
;1.41 anamaa' inn aI n I Ia'aIIInnia' jianrann-atinsi)Il. l 4) Illa ~ifrill aNi a11-1nn11t la 1a-aus)nn1imsre' IheI o' 1aratlna-l 4i

4'a4nIpel inng- nnalminianaBnrers. I )uinin aini r I altti rte rae% ie'i . %%iE' hinina Inman-,i siiitsassotialtal N wiI

flit' ratii..

'I'i. msttom oi tnts w'ry:d, toll 1,~ x H.) Based upon the p'neral

definition ftir efficientcy. at strongr argosmest t'asi he mladel('for equjating useful work toi irodmne-

tion in all its forms. lIn somte vases, the above efficiency ratios woiultl lie satisfactorN. lut ftor

tour pjirpost' wte need smtre tctntrtl. lin this repturt, the meanings of the ternms given lueliw will Ili'

consli I'al ngil. tin'- t'llaiwisng suts (Table I.

"a 'l'~~aulea 1. Comtsnril U nits il[[l' rmns

lit 'ss gal sliitsm

Fuel c'onservation gal, 11) (mass)

But, ft-lb). Ilip
a.Efficienev Bus ft-lb) hpj (uisually expressetd in pe'r(tent)

Fia'l aaanisv dtol. ii, Vd'. ltun smi. ett'.

'iT'e aliota' af'tia'itiainisit iit.'54' st'lt'n-ttl loviE'sesa lfin reiliiirE aor-ton siais nit' iroalnia'tiaann

~~w;4 uimnits 'slain as t-lia 41 i Nanna lilao taint air jitii-rsus annl lnal a-ainniarsiais wiill hnighalightl nami oil

WINlist- prillani- oc'-.aialadalh inElassinnmalitin il' llint aillinl plaliaasn aaln' allfiaia'ni% alini la41nnmn4

,% __ 11



lvi-hrinining liiui l ooil r lr of lhe 4l'i41i4' iI .- gOwIriilI. 41l'i11,.1 1,1.

varlinnouing operalions is a v.o )ihl\ la.k. Sonme o i,,flllr al'fvolh 1 .. oil -f

tle uselfl work (outpul) lperl',rned duriing 4arilllno% ing ,peqralo. are it. llh :

Meto l , I l asilring th14 prohnli~ll.

C(on: ersion it) mass (soil 4l,.nsilN and %%aler 4,411141'lll).
Environmleunt,

Operator.
Machine configuration.

on(dition of soil.
Condition of, Ilachie..

Machine ,''ici,'nev (all hani'al aod 1h1ri4.)na1i').
:,'?. . Machin,, Slpeed (till fI'leions.).

The fac'iors listed abo4- are 11o all iniIllsie. biml lhe list shows lhe 41loi alld brealli 4)1
the prohnlems encountered when alluilits are- inae if) )reict ilaiidne elliciency I haseod oi real
world lrodllction tests. thi|'orlinnatelv. i, of' tll-he aailable literature qllallilaliek.

adlressed the interrelatio)slhi)s of the o1t1)it i'aclors in aili orgalliZed fashiol. 'Il 1Olull)111141
the )roblem. we must add the fact that equi)ment ellficiencv is olly a suhsel of fiel vo()ll51llll "

tion. The Army's final energy goals are exl)ressel in lernis ofl' 'onsumptlion. anidl ilhe factors von-

trolling petroleum COlllsumptioln include those idenified in tlhe list aho4e iu additionl o 14)hos
listed helow.

Quantity of work performed.

Environment.
Operator (performance and training).
Machine configuration (including size).

(ondition (if soil.

Machine efficiency (niechanial and Ilhermonlodvnallic).
Machilile l.ovd (all fiIIItf iolls).

Work lma nageiiew.l

Mc Iln naiInt4'aaIlev.
Fl v' , a llo,':l iolln.

IPill','ra-,w.

onlainale e a fuel.
S hlvliol (of' ellgile oil and I,,I

Our literature search vielded little information on tle interrelationships aniong tile fae-
tors. It is also conceivable that inhrovenlents in one factor may adversely impact fuel conser-
vation. As an example, improving the efficiency of a hydraulic control muay change the feel or
response of a loader bucket operation in a ianner that reduces production because of human
factors considerations. In addition. the magnitude of the illact off each factor Oil )petr)Iellln

5



cons1s4r~ai n1 is Iunk 114W I. Muc mol tt re resea rch a d 41vsfBiiig is I1 leeI ie f re we can id en i Iv
1h14s' fataiors dima l d %II4 iel14 tit(e -reatest f1i l sitig's " ithli t least expiend~ituire' p ,rogrami

resoulrces. Thie need'4 for initiating in lilt- coii-trtitfion oplerationI i eld it 1ilroIe~l ii allap-eliteli

,,

proigrall thai c'onsier.s all of* Bile area., andI fa4'tlirs lelhtiontei i. great.

Anlther area in the field of pietroleuni eItsunltlolln is tile develltent and establish-
llent oIf nmethods Io predict required ipetroleilnl supply. Tile rlAryi Energy R I) Plai I, is .'ell'n

exi-ing methods and states that three additional methods are being re, iewed li tle I Igislic.,
(:enter, Flrt Lee. Virginia. These lielholds are listed in Appendix B 41f this report for ini'ornia-
hu. 4tj.,udix B of Iie ,rnl! Ell'rgv Plan 'lllilS a re ieAv andl1 evallation 4l' each nlll.

Of interest here is recoIgnlitionh that the hiel consumplition~ w ithin anl Arm% (Irgahlizat ii i is
related to miany factors. The factors identified in the plan include: intensity of conflict. level (I'
commitment, terrain tenperature. lype (of eqluilpnent. and (luantity and type of suholrdinale,

units. lso, thei' lbestiielhtdoloYg for estittating fuel eonsunmption will ilalan e acelcracyv will
".4 1114ittlies. The 1n4l1ligy tlsl must i a'cutrate inl tie lsense that it predirs Bie 4ollSllllllilill 41

a giei unit t uler given cdlllililll. %iliit narrow ralg4' l" ir .lwoled alems alid wilh a hiighi

degre l' con filenee. The lelhodlhgy sie'le'ed should lilake lre ielills quiu'klN d4 all 14 i%

* eost. using existing dala or dala lhat cati readil Ilot, extracted froin availaile sourees. Also, ini-

plied is BIhat Bli predicti llf iel requirentlels. il(4' made, ('al Ill' uSefill for Bh ill rpose il-
14_14 lh'uih. The Army holes it) IIse B find 44icslllllili4ll data hlase devehlpe th spIort p1r he uiel

410elsUllplioll estilalting iellodoloil i ass to the i lltipait o' energy c(inservatiol R&I)
Iruje4ls on11 the Arniy's fuel re.quireeliet. TEC( (M's field testing prteedures for detrnilig

vehlicle fuel .ltsuslnpltion are uniquely set uIll to sullport lethodology B-6, Apllendix It.

One of the objectives of this report is the investigation of existing methods used to deter-
i ne the fuel consumption of mobile eonstruetion equipment. Five methods were found and

they will he discussed in the following order:

0 TECOM Test Operating Procedures (TOP).

0 Original Equilnent Manufacturers' (OEM) Field Tests (Cater-
pillar Tractor Co.).

0 Soci'tih of Alltomtiv4e Etlgille'r ( SAE)i Re'omndl4Ied lira4ti4'' (SE J11I66).

, I)atlinuiele'r 'eslnlI lprocre4diure's.

' iThe first three liro'edurl.e are fi'l les l an lil11' fl'lrtlh is I sitlallhd lad re'4'4llr' ,.

Mah itlles shoild nit IN' used 1i. dI4erlle fllu'l elnSlllllltionl because their p1urpo41se , 
is Ito

predict. rh,, %e 4r, inI'luded her' lIeeause 41f their wide-sllread usage in au4l c'ollservatilll

fi* stltlie's.

LII6
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at. TEO )Nl Ia i itprepiaredl T( W it nl te-t gmit I itlte Nor miain~ IN pe ol coitr ioni t I oip-

1114t11. The test objective is 1to iletermino' to Nhat diegree' anl end itemi andt it, coolio ooIi ;iirltrii
their iion itos dlescribedo ino the reyoliremewris dootimiioi (sjiecificatiooi. 1,1. ele.) and to oler-
loul 11i1. silitiitii o1,il Pe 4.1141 itomll aitol acomptijallill lug tiietiitiiditO IcI'~ liaokaige lor Xrmto
list*. Mosti oil tle I( )is ro' ev%e (See Appeoili\ C.) tno longewr 1ejttr telruiiiaiii-.ol 001ltl andi
oil coonsimlitiolion tests exept for cranes (TOP)i 9-2-0to 1). I 4meo'r. hitel ooiipliooi tests miai lote
addedl to) aiiv ejtliiiiiiit test byv thle resiioiisilo ole~elopeir. For %t*Iioies. TI()OP 2-2-003 is tised I

udemeer a fuelI ci isuit i iii test is requjired . TO )P 2-2-60)3 is o sed *tIto 0 let erinih ie thei I'le oooi-
sunojition of transpiortation ando enigineer INIie %'elicles. FProiteotire loir coinrollot tests atiol tests

Jito simunlatoe service op~eratiooos are olescribedt. omrotlled~ tesh are tiseti to olerioiiie hiel (-oil-
silillitimit iii thie road Ioaoi. io-road. itoi-Itail. AI 0 (- stamilarol fiel coosIti ion toolirse Miod

woirk-fintioii modtes of' oiperatioi. I'uII-ltiat tests are- ;erloornieo with tirawiar 1itilI lest a~s

* describied in, 'rt"P 2-2-604. No-load tests art- ierl'ornoet with tile transmoissiono iniinetral atiol1
* ~~the engine operated at speeds ranging f romn rated idile speed to gtieruoed enigine Speed. Ro aod-

load testing is perfornmed withi tht vehicle loiadled to its rated ptafload. Theni. the %ehicle is
operated at constant speeds over a level, paved test (tiirse at noot less than Imir etjtia I ini-

cremtents of speed over the operating range of the vehicle in each ,gear. The test moethtod used tti

determine fuiel coinsumnption with the vehicle performing in its normal work modes is (describiedi
as follows: Measure fuel consunmptioni while the vehicle is performiingr each work function for
which it is designed. The following data are collected:

(I) Work (utiction lirformed.

(2) lAength1 Of' littie iumoe4fiiitio %i loerl'ornieo (oilieral ilo lio111rS.

13)J lFiloasii ool 4 1iom pr wioirk gI'iio o-o Ic (gallols (to ltioollosf.

(1) Fow io li erat tire.

(5) Road and engine speed, whiere appjl icable.

Ftood etinstointii miay loe noeastireol in it/li or gal/lu.

It. O riginial eluiient manti lacturers (O )EM) are study intg and comjiaring the luel toii-
%tiniption of their equipment to other OEM equiipment. Caterpillar Tractor Co. has reported
the resuilts of fuel consumption studies of wheeled loaders, tractors, amd road graders. Simula-
tioii and typical work mode test procedures were uised( in the field tests. A design blade load
simuitlation test porocediure wats utsed( to evaluate road graders whitch were tested in Iowa . rr lreo
oh ffreom drawbiar loads were applioeo it thet bladle bloa aahi tog it tit a Iad-carning Sled(.'[i

'S ~~Sled loaod was changed to sintial tielae 4tioS. rracoiors were testoed iti fte stoils amid tork
miodles as shoi ill Ta ild 2.

5' 7
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TabIe 2. Trac.lor le.s

Work Mode4 "wil Ilhwe

Ripping (alich' -rizona
Pushloading Calich, \rizna
Dozing {Iphill. do nhill) h4.el (Calile %rizina
)ozing Clav loam Peoria

.Sandy loani Arizona

Loaders were lested in three lypical work modes: load and carry-level and upIhill. truck-
loading (bank and stokpbile inaterial). and trench backfill. Caterpillar Edwards I)enonstra-
lion Area i as Iused diuirinig IIh h'sl.

'The 1veighl of f,1uel. consnumed and voluve of soil displaced and/or inoved were voilhled
for eai'h Itest. The iuls of Ior4dIilion for the hests were relpored in ralio form as I'olhim., (Tlalle
3):

, "lable 3. Production Units

Item Ratio

Loader LCY
-J6

gal

Crailer gall: mu1

-: Iracvor BiCY galI
•, gal hi

where: LCY - Loose eulic yards, and
B( Y - Batik cubic vards.
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c. Swiciey (of Automotive lgineer (SAE) Recomm.ended l'raciiec. S,%E Iha.

* °0
I I ilii l i'S ro dure for ' 114 f 14 I-l 1i I 'i , I . i i 1 d'I. la -i i'ni l '-r 4 -i' ral ii 4 d light I r rk,

I ' J 166.1- I )I ,.rah - 0 , Slat lil So . Dom 1 I,4.% 4-I M e'1-1ir,'ni,'nl (4,''lu , Or l",;irth11 ,11 mg

..' ', { l~~~~M ashilieo' - ,,iolk C %t-4,,. i. . Ilovi';lll4- %%o, k ,' ,lril' Ill;1t 4.'11111Ih " l '''l- 1',,r1 f i l , liia,

Il'slill arc lh4s.rih,1al 141- r lih ma'Ihiioer-, li.h'l as ', alh i.s

4 Crawler loaders.

0 Wheel loa(lers.

* Dumpers - rear. side, and Ilottorn.

0 Tractor scrapers.

• Graders.

0 Crawler tractor with dozer.

0 Wheel Iravtor will dhzcr.

0 l'ad foot wheel c,)ni;1a4lor %ili dlozer.

0 Backloes.

0 Hydraulic Excavator.

In addition to specifying the operating conditions for each iten of machinery. the
general test site requirements applicable to fuel consumption testing are given as follows: The

site should he a uniform plane of earth with a maximum slope of 3 percent in any direction, all
material in the test area should have a density of approximately 3(00 lb/yd3 where machinery

configuration or location makes it impractical to use a test site as described above: sites with

other conditions, such as field job sites. miay be used. The operating conditions for each
,'altegory of machine are generally based upon nornal field Iuse. practical test consiIerations.
and most importantly, the ilmijiact the roe lures would ha , o1 I he accuracy olf lile noise( ci
neasnrement. En gine slpied. gear range. and iiuralion (If tie(- work cycle are coulroih4ll for 4'ach

Iesi. Table t shos the engine spe'ed crileria for each mlachine alegory and work v el '.

". ,-. 4' ; . , ' - " -,.' . . - . . ' _ . '. x "' . ", '' . .'', . - ,' . % .' ' -. . .. .'.- . . ' '' ' .,.. ' " . ' . '



TIable t. Eiigiiie Spleedl (rileria

Equii pmlentCtgnElill(~is1~I~ e Spieed I iher ( .iniit imein

CrawS'ler lo adler Na% gi e.ernor sell ii, Loo~ Hse stock ile

Whieel loader Max~ 'pi# entor selilig Loose stoc-kpile-

DI tnipe-r %l ax o ea selll Im gLaded hati. i. ntermeie~ ate speed'I

3/ t of otiaX go% erneal speed Emp1 ls relorli. high speeil'

Iraileir surajier MIax gi o~tlr selling I o i ligiile

( ra % ler Ilraeir la \ gilserlir ellnog I OZis '. 0I speiil3

P..I fuool %hfle voiiIoator wilh dozer MIax goirir selil-, Sal eed
Itar he85"/e + 2"/t of raimul enialived 'Ireoisiig. S ir.gii soil

I I'. 1lailit .j II'lo Nlt goi~vrliur ,1ueco Orsu~ug rgili -oil

1. Inierowesiale speed - Siaiii gear of 3, oir 1s1wedi iraomiissioii.

Thuirdl g-ar of 5- or 6sipueI I ransin issioli: andl

Fturi gear ofi a 7- or 8-p;eed traimsenissionl.

2. High speed -Highest woirkinsg ge-ar Imannal transmhission).

5.* t'~~i liii orements fo r ato matic. hyduroistatic t ransmisionis are aliso giveni.

3. Ilos speed -First gI-ar ouf a 5-speed transmhissionl and

Seji onu gear of a 6- i r greater-sloeeul tranismtission.

d. Diynamometer. When vehicle fuel cotnsurription i neasurenients are- performed #)it

'I.'

1% da chassis olvitinoteter. lilt hedymanionneer is usually adljustedl to simiulate the road experieure

iroad-loadl udthe %ehicle. a hly. iialy itehts are used to leternine road-load. anidi thlie

ch.osen niEiI h1is selected blecause it (hest fits at partlllar situation. Soule coiuulyused

'"rl, r hlulhs for roa1.-loai dleirninitin are: drive line force or torqule i, llleastireets. naifold

presure nicasuireutielts. and deceleration or coast flown techntiq~ue. The conceept of the coa~st
flown is to) deternine lile- decelerat ion rae of a freely coasting vehicle. The coast down ielhI
wis usel in a study undertaken to develop math intodels to predict the dynaniometer adjust-

mnent forces appropriate to siniulate the On-road eXpr~ieces Of light-duty transportation trucks.
This study concluded that the aerodynamic dIrag of light-duty trucks and vans is a muore ac-

.curate nethod of predicting the dynaniometer power absorption than predictions based on t
vehicle weight. The mathemaltal relationship between vehicle frontal area and speed was

11se4d to calculate the dynaniomieter adjustments to he used for each test.

ifl The Evi unta Protecion Agency (EPA) uses (ynantoncter tests tlo neterIe
t e f onstuliujtioti quantities Shown i on news fuel ecolnmy labels. The EPA test pruuieurere

,uirv I'11.11. .l eliicle shall lbe arixeu. ere. a iresrille rkiig 4ycl4 on a -hassis

;1iil Jill. that li fur l -Ahall I - val / lalel friiiu ,ii l l c suuref Ti 'hIsilihn a l opi li of

' iais I rinh u ia l.'lr -I,10

"r.r5a , -. -l.idIa~ i im n

Folnrtln gear~~~ ~~~~~ (l"a7 -I.'' rnslhn

2.4,hsed-Iihs okn 'l mna rlllSil)

-AR..iillql.,frallllai' y rsaicIa xli~~l, r lo vn
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e. Math Models. ki of the miathemiatical mele'l sillie., it e'sligie'ed r'cgliize' Ile'
need tee quantify the relationshiies letween a vehil ex'je'ted Ie'rfornan'c and tli eile'fiinie-
Of the vehile's fun-tional silisthenis. Most of ilhe iork itas done' in tIle ar.'a (d Iransporl IlI'

!. ' '""I trucks and c'ars. Ile wever. reports dealing vi itit -t hl i 'ie e' lslulmptionl of crat ier tra'or. atid
.he fu ie atiie'tilal parateters of vehie' on- a lie off-road f ' i'le ''ellltie' r' a e lso ftuInd. So ic ul

-'" of the reasons fr performing the studies are as lielht%:

(I) To evaluate tihe e'feet of ehallges inl dllerenIt pe'rlormtan'e iparaleters.

"2) 'To evai lit\,ll 'e'i ee eeiserrain 'h 'ice fon e'Il lilizati n ofl ileal, air-

y I ~i'uilaiee Veiice'es.

*(3) Teo deternine the fuel constunling eharaceristics of a i 1pical craw Ier Iraetr %% ill

huhllozer tinder various operating regiments. ie results were used Io ltee st %arious ineilhe s
4-. to reduce fuel eonsunlption.

(4) To be used in computer simulations of vehicIe Iee'havior over typical duty 've'les.

(5) To evaluate trade-offs between fuel consumption and desired performanee.

Apparently, construction of a mathematical model is a relatively straight for-

ward matter provided that the operating characteristics eef each suiesystem and eomllonentl are'
adequatelv defined and all the necessary parametric data ar' available. Some investigators
were unale tee get all the information needed and Iiir ilodels are seini-enirieal. ()tier in-

.. rVesligalors reperted gollg tihrougi tihe Icing and tedious erocedure efe Iluihliig and it-stijll

- illtll're s lereetetylee's leere'a'rolotylis for ea stisvsteli anl for Ile' workillg jeanis olf e'ae'h i olain
'- hIlie reqiired engileering elata. Afler a suiilale dala hase is estallished. Ile use' elf eonelihr-

siltutlaliol leer iredielihg vehicle' iehavjr aiiel ierforiiie emte'r spe'ci'i' eui% i'',, sai'

ijitte' and money. Also, analysis of tie results of the siniulatlions has disieroed soelle 'etlnel
hel ideas alout vehiee' drivelines. Coiiputer sinulaim tchnii' ues can IlI' used teeoptijlize

"...S entu-ine capaeity, select equipment size, jerediet fuel consunltion. all anahze the iimeI of
design changes eo vehie lle erlorlane and fuel cesunmilion. te iililin a c' it efe ant
t'edless nllller (of possilee apl'ications. Some invesligalers hae repored geeee e'erre'lalili

.-- ,." ibetweei the fuel e'osullllptiii predic'ted e'nlo uier slii hellation l Ile' aeliiil amtuntlllt elf
.. fuel measured during field tests.

4j The five methods just reviewed all show the onneeilion letween I'uel eonsumptien

-_*' and performance, and the concept of efficiency is elbleded Il scme degree in each one.
TECOM's TOP measures the time a machine spends performing a specific funetien but eltes

.-.:-. snot measure or reeord the quantity of earth removed. ()u the other hand. Caterrpillar Tractor
(o. highlights the relatlionship between 'lluel consuimlion and pe'rfornance. They recentlv

iegall lee eullish fiuel e'eelnsttilletielflle'rlernlan l mi• i el'r aiion on 'eonetl'tier ma hii's is i'll
ais I i'jr town. Th i' iod iiiee se le ll';tslrm' Iii' a ei ;Iliil.% emi 'arll 0ieiee 'd i s ieit l'lilj' l. %

"
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discus.ion (of tie IelhiEds ised to calculate earthwork and their aceuracy is contained in) Ap-

pHnlix I). The EVA is required by lawi iblishl l ecoomynv inlornation o01 aIl autolobiles
sold ill the United States. The initial eolllroversy over EIPAS nelhods for dielermilining fuel
44 lo01v has sulbsidd. lland it Ilow appears t) have gained onlic aeeeplallve because IIt one has

collie up wilh a better way.

I. Advantuges ind I)i ildvalilnfges. 1l1 o If'e hil. IIEhs discissel hIae alillhllep

ani disailvalmlages wil-n \ ilweud front a slpeilic poinl of %i,,-. lin this report. a lrainslornil,

leellliqulle wias used to list a4vaillil tes and 41isallu illlageiS f eac'h iiletlhod as lillows:

TECOM:

Advantages l)isadvantages

Procedures are available now for all items of Cost.
construction equipment.

..Wgdresses the details asseliated with safety. Produetion is not neasured.

miailntelnalce. iretest 4onsideralio1s. ilsilrnflen-

lation. aiul required 4lata co4lection.

Realislie. 'Test slllbject lo weather.

Simple to perform. Accuracy is unknown.

Builds data base that is eompatilde with Fuel economy measurement is not

method F of Appendix B for estimating the primary purpose for testing.

fuel requirements.

OEM Tents:

Advanlages Disadvantages

lirhiulihu is 0measuirel ( .,,sl.

l,alislic. lest sulijecl Ip, weallier.

4 )lcaliii- eu,'.iiu s. de~rlIuId. I'r'u'ePredures lave plot been .. laIlisl..d

for all lyl' of 11 e4,ln ili ii ip-

12
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Some control of soil type. Iroce4ires maN not loe avecloialie tI

all (EM.

Fuel ecoinolly measurement is prinmary

purpo,, for testing.

SAE J] 166 Test Procedures:

Advantages I)isadl anlag,-s

Opwrating procedures defined Iproi hnlion is not measired.

o4e control of soil type. lest sillijetl h e ipiller.

Realistic. (;ost equivalent to TE(C()M test.

Simple to perform. Fllel econolv measuremlents are nIot

primary purpose for testing.

Dynamometer Tests:

Advantages Disadvantages

Repeatable. Realism may he questioned.

Vehicle load is controlled. (Compatibilitv (of dvnamometer 0ut1t1

IIIa1 o 114.t I s ijileht for coitslrition

Not stilijerl lip wealler. Iiimiiu h01"irnali0m oii il aihiliil

Silh racked elicls.

Vehicle load is measured. procedures for exercising all machine
functions are not available.

Well suited to comparing different makes Complex.
and models of equipment.

Less costly than field tests.

Each vehicle function could be load simu-
lated on test stand and load compter
,cntrol ld.

13
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Credible.

Energy input and output can be measured.

Test equipment can he used for other
purposes.

Machine efficiency is primary purpose for test.

Math Models:

Advanlages Ilisadvaulages

MaIim ileraliolns of Ihe mllh.I are pIssiblh ILaciks realismi.

.in a short lime iwrioI.

Little petroleum is consumed. Models not available.

No construction equipment required. Only predicts fuel consumption.

A good investigating tool. Required data base not available.

Best description of theoretical efficiency. High initial cost.

Highly complex.

Field tests required it confinn models.

Ma,- diflerent models may le riqired
frr each equipmeunnt type.

Accurate construction equipment dala
will be difficult to acquire.

Results will he long in coming.

The five methods were also subjectively evaluated poor, fair, good, and best against
the following criteria: Accuracy. quantifiability, repeatability, cost, and acceptability. This
evaluation was made from an efficiency determination point of view as shown in Table 5.

II.
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TlEC( M TO( P Poor poor Fa ir (;l1 Poo~ur

OEM Fair Good04 Fair Fair F'air

SAE Fair Poor Fair Golod -

I )y na miii 114 er Best Blest Items Good411 11o.-1

%; Mlbl Model14s Goo Good4 Be414I-14st Pool r

Our effort (Construction Equipment Divisioln) ito reduce the fuel constuilipt i411ll ofc411-

siniction equipment is focused on the estalbishmnlt of equipment efficiency reqiiremnents fo r
end items and development of a vehicle test procedure to confirnm compliance with those effi-
ciency requirements. Apparently, that approach was selected because of NDI policy con-
straints; i.e., limited control of materiel design and( configuration. Our progress is hindered
because the data base needed to establish efficiency requirements for construction equipm~nent
is not available to the Army. Incident to all of this is the realization that the data b ase needled
by the Army to estimate fulel supply requirements is also being eroded by NDI Policy and a
Change in TECOM T(OP. TEC( M no longer tests commnercial colnstrulction equnipmnt anid eve4n
if they did, fuel colnsu~mption~ data art- nol longer gathieredl rotitineIy. AlIso. the oppor4Itlnitv III
coniserve p4'trlleInin in the' 1984 to 2(X) timiie framne is slipqping aIway lll'4anse4 we are- 1141W lbti%

ilig 1114'4.e1liilleIltWill 114'1 will '4 ben elirinig tha Pe4riodE. %Xirkiiig Ito 4111 .l4.k .ia~g4' is. the4 1141.14
thatl iii. 4'41115rne4'io1 4pllilnveni imin~IsIrN is c4nlimealhII i iiqroin g Ihle efficicenc% of I lloir

M~achinles. Thei inInIsiry is Imlkalc4I i III So 4. I1c'&h o llp 14 I4Iolloill'''

(I)4 4IraIclors art, cost1 consc54ions1 andI~ P1rofit mo~lika.Ic

- ~~~(2) C;ompunters miake it plractical lor 1114 colltractolr 14o lllnil aiti uel isllIultion

dlata balse for dliffere'nt miakes 4lf mac'hine*s.

(3) Foreign competition.

-. On the other hand, contractors art, not nioli~ated to liti machines based o111 im-

pressive efficiency percentages alone. More efficient miachiines mnust* cont rible 14) higher llr4-
fits. 4 ,lliseq~iient ly. thei equjlipmuent inantfacturers see4k olit and~ imlem4'lent hardl iare chaniges
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that salisf flit contractlors pro'it goals. %c may capitalize on fit abIne notions by taking ad-

lalagc of the liR& I) %ork being (ione lv iiiilustry. The I iteralure is fill I of s1 titIies i imed at ima-
proving machine efficiencv and iproduction. Some of lh work going on is listed below:

(1) Development of light-duty diesel engines.

(2) Development of instrumentation to detect and measure machline operating
parameters useful in petroleum management.

(3) Development of instrunientation and system to provide equipmen operators
%ith tie inforniation they need to opltianize performance and fuel consumpition.

(4) Ie~eloilent of multi-fuel engines.

45) I)eelouehnt of coiiiuioisly varialle-raio Ira.islislnits (( V'I').

(6) I'roduc'iio0 of Iransliissinls with tiity gear ranges.

(7) )evelopment of more efficient hydraulic components and systems (niulti.le
flow pumps. load sensing valves).

(8) Production of hydrostatic transmissions.

(9) Production of tires that reduce rolling resistance.

(10) Studying the impact of maintenance practices on fuel conservation.

(11) Radiator shutters.

The use of diesel engines in our equipment could have a quick and significant
impact f25 to 34) percent imlrovment) on our efforts to reduce petroleum consunhllion. A
rei Jew of Ite. divisions TI)Ps was ilulde and we found 10 slpecifications thai specify te use 4 if

gasline elgines. Thiis k 114it Iii imply that we shol siniply convert all gasoline cngilies Io

diesel elgines: a Ihoroillgh invesligationl and evaluation is necessary.

k" Another aplroach for achieving results in a reasonable anlounlt of titne is ti

deterniine the efficiency of state-of-the-art subisystenis an(d components, and where appropriate.
secify Ihier itse. For exapile. iIt desired engine efficiency couhl be added to existing engine

• '.qretpirenients in a TI)P, A highd degree of success with this approach is possible if goMd judge-
1,0lil'IIE and I systemIatic aloloroach to lit- rb ilen is used. As ai miniml. tie effort should ini-

4111414 fit- f,,lho ing.

10_.'.
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• l~~It Mission definilio. f'or each ih 1' of ilnca

(2) Irelparation tof a work lreakdown strileltire (NlIS) for vacih I1 olf eiplli' ll'11.

(;3) Knowledge I' niv cirrenIt eflicienlcy iof' Itw sinl st4i hi aI aill hleIs forv .hI Ii I4 II'
• i'elllllinllenl.

JV (4) Allocate efficiency improvement goals for appropriate sulsvsle' s based upon the
efficiency of emerging designs and products.

"" .(5) IEvaiualc the iinlto'l fficiecv requireillents on lrrlinailce and i.'t.

.If 1%ert14 Ilnlleet ouir energy goals1he search lo lil %% s 11i)l.iisr~cv plrole 1lllO

'nust lie broad based.

V. (:ONCLUSIONS

11. Conclusions: It is concluded that:

a. Dvnamometer load siniulation techniques for evaluating efficiency are best suiled to

our needs.

b. The data base needed to establish efficiency requirenients does not exist within (he

Army.

-A5: c. A broad based pIe'lrohvi'mill niallagenieil plrograin for earllnilltiig anid coistrlilion

ll llraills is Iiel'dlh'll.

tl~4. Ow-n lurro wgraii r'vsoiirvc. are iiiadetinahe I'or aclhe ing fihnl restills.

e. Soime tasks that have Io been accoindished are:

(1) Near Term:

... (a) Research and evaluate usefulness of existing data bases such as EPA elgine
enission test procedures.

(b) Evaluate conversion from gasoline to diesel or stirling engines.

(c) Evaluate conversion from bias to radial tires for selected items of contruction
,efluilinewn.

,17
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(41) )eewliop ;a girlignili pkliil for imfrlrI 11 v b~r hiiiii vtw ioiniigiiiei hi ibe
t-artliii~iiig ;ida 44 .Iin i 4in iirviis.

* *~ (c) Acquirt- the Iieve..sanri reshourt,t-.

(2) Far-Term:

(a) Aiqieiltw4v iiatoitr loased pro('efurvs for dete-rnihing the fiwl eeapionty ofi

4-114-11 typ. (if cqonstriation in hi iinwnitiry'. starting with thet Ilvi lorloii citsupien

,V
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APPEND)IX A

I)EFIINIIO NS OF" EFIC IENCYA

V-I. '1 1 i I la t 0, i 1 li , 11,44111 411-11% I eli -4ei II a 41% lialilic ' 4- 1 1ei 111 lii4i 4.114-1- 'n11 ,Ine14i I,,i

A-2. Thei ratio of dhe work doniie or viiergp le~elopedi IiN it ou~iiiie. enigille. lio iie
emiergp .iiiilienl to it.

A'-3. The ratio of the useful eniergy dlelivered by a dvnianiie systemu (its a iinaeliiie enigie or
iiotor) to lte eniergyv stpplie(I to it over the saiie ;)erio(l or evele- of operationt.

A-4. Thermodynamic efficiency. The ratio of the niet enierg output in] the fortin (if

useful work to the heat eniergy iniput.

A-5. Efficiency of a two-element maclinec. The ratio (of the useful work perfornmed ito
the total work reeived-. Also, if a niachinie vonisists of a traiin of inteehaniismvs havinig the respee-
liv'e efficit-iiies eV e. 4-:1.X,.. the eoiubiined effiejeneye of Ible iaeline is equnal to the lroolhict

* ~of t heise efiie ei ils.

Sitirves:

b.. The Ranidoiti [louse College Dlitiary.

e. Webster's ThirdI New International Dictioniary, Uniabridlgedl.

d1. Engineering Evaluation of Entergy Systeuis. Arthur P. Fraas. Mc;raw-iv-ll.

e. MIark's Standtardl Handbook for M'eehiaiieal Eniginieers. Eighth Edlitioni.
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APPENI)IX B

METHODOLOGIES FOR ESTIMATING FUEL CONSUMPTION REQUIREMENTS*

B1-I. ()ld FM 101-I0-I MetIoI (Sulerseded by B).

B-2. New FM 101-10-1 Method.

B-3. Pounds/Man/Day Method.

B-4. Gallons/Man/Day Method.

B-5. Gallons/Kilometer/Vehicle/ Day Method.

W}6. (;alhonsliOlrating llotr.

14-7. STAN AG 2115.

_{ Ier ,,,,lhods are' Ibeilng 4ImsidereI by a variety of sources. Sigui fi'an are I li fol low-

iling h"lehlnilies miudler review by Ile I ,ogisliis (Center. 'orl le. Virginia:

B-8. iP'rventags of Inhemsity Method.

B-9. Discrete Posture Method.

B-10. WAFF Method (as described by CAA in (CF? Conference Report).

~~~I SN %rim hi rp HAD Mlaw. ,al,', I-PH2
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APPEN)IX (:

'rE(()M FIEIL TESTING PROCEIUJRES Foil CONSTRI('TION EQIIIPMENT

'l',l 4 )leralin.- l'rce.,rh,' No. '46lil011i4,11i I),c-,'rpilln

9-2-071 Earth houling
9-2-082 Earlh i,.iiiig

9-2-11 I I ll ig el,iluI n!

9-2-063 (rine. truck. warehouse
9-2-166 Air compressors
2-2-100 Trucks aid tractors

9-2-064 Crane
9-4-001 Desert environmental testing

of construction service and support
2-2-603 Vehicle fuel consunmption

,
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APPENDIX D

EARTHWORK COMPUTATION METHODS
(Prepared by J. Rodrigues)

D-1. The computations of earthwork involve the calculation of earth volumes
and the determination of initial and final grades. There are several methods utilized by
engineers to compute earthwork. The exactness of the computations depends upon the extent
an(i accuracy of field measurements. Some methods by which to compute earthwork are the
following:

* . a. Average end area method.

I. Prisinoidal formula method.

4. (Grid nmlio .

d. (ontour method.

D-2. To compute earth volumes by either of the above mentioned methods, it is
necessary to determine the area of two parallel planes. The following is a list of the various
end area determination methods listed in according order of accuracy.

a. Trapezoidal Rule. By this rule, the area of the individual trapezoids from a
cross section are added to find the total area. The computations are tedious, and its accuracy
depends on the number of regular trapezoids formed.

b. Stripper Method. This is a variation of the trapezoidal rule. The vertical lines
should be closer together to insure greater accuracy.

e. Double Meridian Method. This method is similar to the nelhlI of coor-
dinahes. l1 lit 4. conlnl~lalion dhes l1141 involve the direct use of cordinales. Meridian dislaices

in foulnd Io Iornl I ralpeolds and Iriangls. The double area of any triangle or Irapezoid
formed by projccling a given colrlrs upl)onl the meridian is the product (if the doulde mleridian
dislance of the course and the altitude of the course. The algebraic stun of the double areas an,
fomnd, and the area is dletermined by dividing the sum of two.

d. Planimeter Method. A planinieter is an instrument that will measure the area
(f a plant- figure when its tracing point is nmoved around the perimeter of the figure. It is Ihe
most accurate mlethod for area determination. Although its accuracy depends in finding tihe

irecise seltiilgs. 4 hih van only lie- aplprxilcd. Th efforts of planimeter measurements are
due principally to the inahlilh of the observer to follow exactly the houndary of the figure

ilh Ih Iraeillg Ipinls. Values o3f area shouhl be dethrmined to 0.01 in.2 .
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I)-3. Voluine D~etermnaition. Volumes of earilmo (rk are calcumlatedi 1% %aropus
methods4Nl. 11' cr4 s-seclioni hav lbeen iakeii. ilii ar~eas ;it-, idiIcriiiiiiiil as dlm4Tibiel

lrecediog Ipiragril aind the oleici hes of lhei jrisloid 114.1 vii clll uvvrsli o. cros.-cI i lu .11"

echlvofaieul li liv .1IN ofi 1111.~ i flming 1i14-1114141:

it. Average End Aream. IThis is Ike umost culiiueii loimelil of ltriiiigiiiii'

(of excavation. The area of the cross-sectioiis is averaged and nullplijed lii Ihleditic

between them. This nmethod is sufficiently precise for ordinary earthwork only.

b. Prismoidal Formula. The use of this formula is justified if cross sections art-
taken at short intervals, and also. when surface dleviations are ob~servedl and] when successive
cross-section areas differ widely.

c. Grid Method. This is a common miethod where the volume of a borrow suit is
found by cross-sectioning the area before and after excavating. The area is dlividled into ree-
tangles, triangles, and trapefolds. The volume is found for the indlividu~al sections and then
added.

"S d. Contour Method. Volumes (of earthwork (art be estimiatedi fromt contour mnajis

uising vertical cross-sections fromt contoor miaps. A pirofilIe is shownt for each cross-sect ion. Thue

profile is shown with the originial ground line before amnd after the proposed grade. Thel area
bietween these grotundJ lines is averaged for the Iwo cross-seclmons and is ,nuiJ,1)lied 1) 1 lbei

distance between them. The calcuilatedl volumes usingl this nmethod should be used onl Ii r

* prelimuiniary estimates.

D-4. Precision of Determining Volumes. There are many factors which affect the
precision of determining earth volumes. The following factors are the most relevant to be con-
sidered:

a. Soil Shrinkage. Shrinkage denotes the fact that 1 yd' of earth before excava-
lion will occupy less than a yd3 of space whet) excavated, hauled, and compacted. The loss of
material and comp)action to greater than original density might contribute to this difference.

b. Soil Swell. Swell could lie produced by the increase of voids content after
loosening or blasting rocks.

c. Horizontal Measurements. Horizontal measurements errors are introduced
principally by the manner of holding and reading the tape.

d. Vertical Measurements. Vertical errors aedet o edn m aito
in the elevation of the ground surface where the rod] is held.
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AeruararyV depenids ont the mle4thod Selectedi, ailoltp of c-ross. settimii. anl cntrol (d

tihe ailow n14.iell imne l cors. The size' of' itese errors varies undter variouis field vtiilitttiins lit a
iprobiaibIe error oif' ± 6)05 tautj Ill. assilmlitl fur awerage ieild ttpilittis taitter ttpigrollt't iprtr

A reIiaipie ttliluilitai o u area s-ai lite obitineul "ill, a piatinieier anid I11i. use oit
the irisisal formtala 1t. tonhistit11e %ollmies tontrohing the anoitit oPf tross-sevitin anI f'ield

measuremns. The. shrinkage anid sweil pierentage (of tihe soilis should ibe jretieternijteti. Also,.
Variations of the suriface culd introduve sigriifit-at errors when simail Voitanes arectn. aei
Their effect diminishes wheni high volumes of earth are tintder cqmsnleratipn.
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